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Description 

[0001] The present invention relates to a novel gas 
diffusion electrode structure which is of use in electro- 
chemical devices, particularly fuel cells, and a process 
for the manufacture of the novel gas diffusion electrode 
structure. 

[0002] Electrochemical cells invariably comprise at 
their fundamental level a solid or liquid electrolyte and 
two electrodes, the anode and cathode, at which the de- 
sired electrochemical reactions take place. Gas diffu- 
sion electrodes are employed in a range of electrochem- 
ical devices, in which a gaseous reactant and/or product 
has to be diffused into and/or out of one of the cell elec- 
trode structures. They are designed to optimise the con- 
tact between the reactant and the electrolyte to maxim- 
ise the reaction rate. Catalysts are often incorporated 
into gas diffusion electrode structures to increase the 
rates of the desired electrode reactions. 
[0003] Gas diffusion electrodes are employed in 
many different electrochemical devices, including met- 
al-air batteries, electrochemical gas sensors, elec- 
trosynthesis of useful chemical compounds, and in par- 
ticular, fuel cells. 

[0004] A fuel cell is an energy conversion device that 
efficiently converts the stored chemical energy of its fuel 
into electrical energy by combining either hydrogen, 
stored as a gas, or methanol stored as a liquid or gas, 
with oxygen to generate electrical power. The hydrogen 
or methanol are oxidised at the anode and oxygen is 
reduced at the cathode. Both electrodes are of the gas 
diffusion type. The electrolyte has to be in contact with 
both electrodes and may be acidic or alkaline, liquid or 
solid, in nature. In proton exchange membrane fuel cells 
(PEMFC), the electrolyte is a solid proton -con ducting 
polymer membrane, commonly based on perfluorosul- 
phonic acid materials, and the combined structure 
formed from the membrane and the two gas diffusion 
electrodes is known as the membrane electrode assem- 
bly (MEA). The anode gas diffusion electrode is de- 
signed to be porous and allow the reactant hydrogen or 
methanol to enter the electrode from the face of the elec- 
trode exposed to the reactant fuel supply, and diffuse 
through the thickness of the electrode to the reaction 
sites which contain catalysts, usually platinum metal 
based, to maximise the electrochemical oxidation of hy- 
drogen or methanol. The anode is also designed to allow 
electrolyte to penetrate through the face of the electrode 
exposed to the electrolyte and to also contact the same 
reaction sites. With acidic electrolyte types the product 
of the anode reaction are protons and these can then 
be efficiently transported from the anode reaction sites 
through the electrolyte to the cathode gas diffusion elec- 
trode. The cathode is also designed to be porous and 
allow oxygen or air to enter the electrode and diffuse 
through to the reaction sites. Catalysts are again com- 
monly incorporated to maximise the rate of the reaction 
at the cathode reaction sites which combines the pro- 



tons with oxygen to produce water. Product water then 
has to diffuse out of the electrode structure. The struc- 
ture of the cathode has to be designed such that it en- 
ables the efficient removal of the product water. If water 
5 builds up in the electrode, it becomes more difficult for 
the reactant oxygen to diffuse to the reaction sites, and 
thus the performance of the fuel cell decreases. 
[0005] Conventionally, the gas diffusion electrodes of 
the PEMFC, and indeed other devices, comprise many 
10 components and are typically made up of -one, two or 
even more layers of these components. Typically the 
gas diffusion electrode will comprise one or more cata- 
lyst containing layers, which are supported onto a more 
rigid porous substrate layer. The catalyst containing lay- 
75 ers enhance the desired electrode reactions and com- 
prise a catalyst, which may be formed from a high sur- 
face area catalytic metal, often one of the precious met- 
als, particularly platinum, either unsupported, as a metal 
black (for example US 4927514, EP 0357077), or in a 
20 very high surface area form in which it is dispersed and 
supported on a high surface area electrically conducting 
gas porous carbon black or graphite (for example US 
4447505). The catalyst component may also be a non 
precious metal, such as one of the transition metals. In 
25 fuel cells which employ alkaline electrolytes, the cath- 
ode gas diffusion electrode can comprise catalysts 
based on macrocyclic compounds of cobalt (US 
4179359, EP 0 512 713). The catalyst layers may also 
comprise the high surface area carbon black itself, with 
30 no additional metal catalysts, in for example EP 0 026 
995 where the catalyst layer for an air depolarised cath- 
ode in a chlor-aikali cell comprises carbon black mate- 
rials. 

[0006] The catalyst layers also comprise other non- 
55 catalytic components in addition to the catalyst material 
usually polymeric materials which acts as binders to 
hold the electrode layer together and may also perform 
an additional function in controlling the hydrophobic/hy- 
drophilic nature of the final structure. In the PEMFC in 
particular, the catalyst layers can also comprise other 
polymeric materials, such as proton conducting poly- 
mers, including forms of the proton conducting electro- 
lyte itself, which are often mixed with the catalyst com- 
ponents or coated onto the catalyst containing layers, 
45 from solutions of the proton conducting polymer. 

[0007] These catalyst layers are usually formed into 
suitable mixtures of the components and deposited onto 
a suitable porous substrate, for example conducting car- 
bon materials such as semi graphitised papers, cloths 
50 or foams, or particularly in the case of alkaline electro- 
lyte systems, metal meshes such as nickel or stainless 
steel,, or in the case of sensors, various forms of porous 
PTFE sheet. In the acid electrolyte PEMFC the sub- 
strate is usually based on carbon paper or woven cloth 
55 materials (EP 0 026 995). These materials generally 
have a high bulk fibre density of greater than 0.4 g/cm 3 . 
The primary role of the substrate is to act as a physical 
support for the catalyst containing layers and to provide 
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an electrically conducting structure in direct contact with 
the catalyst layer. Additionally it also enables a mechan- 
ically stable gas diffusion electrode to be produced. 
[0008] A major problem with conventional gas diffu- 
sion electrodes based on the carbon fibre paper sub- 
strates is the lack of flexibility due to the rigid substrate 
that is typically used. The conventional electrodes are 
consequently easily damaged on handling which leads 
to high reject rates during the electrode and MEA fabri- 
cation process. This obviously has an impact on cost. 
With conventional gas diffusion electrodes based on 
woven cloth substrates a problem concerns the lack of 
' good dimensional stability, as the cloth can easily be 
stretched in the directions of the major planar faces (x 
and y directions). This can make the manufacturing of 
electrodes and MEAs using these substrates very diffi- 
cult and therefore costly. • 

[0009] Furthermore the complexity of the convention- 
al gas diff usion electrode requires a number of separate 
components such as the substrate and the catalyst lay- 
ers to be brought together which results in a lengthy 
manufacturing process requiring a number of steps. 
Again, this increases the cost per unit of these gas dif- 
fusion electrodes to higher than is currently acceptable 
to make applications in power generation devices, such 
as fuel cells, commercially viable. 
[001 0] It is therefore an object of the present invention 
to provide a gas diffusion electrode with both increased 
dimensional stability and flexibility and which can there- 
fore be produced at lower cost. A further object of the 
present invention Is to provide an improved manufac- 
turing process that is capable of producing large num- 
bers of electrodes and MEAs at low unit cost, in high 
volumes and with high yields. 

[0011] Accordingly, the present invention provides a 
gas diffusion electrode comprising a flexible, free-stand- 
ing, non-woven network of fibres, one or more catalyst 
components and at least one polymeric substance char- 
acterised in that the catalyst component is embedded 
within the fibre network. Generally, the non-woven net- 
work of fibres has a density of less than 0.3 g/cm 3 , suit- 
ably less than 0.2 g/cm 3 and preferably less than 0.1 g/ 
cm 3 . 

[0012] The fibres, within the matrix, are normally ran- 
domly orientated in the x and y direction (in-plane) pro- 
ducing a two dimensional isotropic structure. Addition- 
ally, random orientation in the z direction (through- 
plane) occurs with the inclusion of very short fibres, typ- 
ically lengths of < 2mm or very fine fibres, typically of 
diameters < 1 um It is also possible to introduce aniso- 
tropic character into the fibre matrix by using longer fi- 
bres, typically >50mm, in the composition, in combina- 
tion with any method of laying down the layer that im- 
parts a directional force into the mixture; such as extru- 
sion or a paper making type processes. Fibres which 
are suitable for use in the present invention include car- 
bon, glass, polymer, metal or ceramic fibres, preferably 
carbon, glass, metal or ceramic, typically of diameters 
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in the range of 0.2u,m to 50u.m and with lengths from 
0.05mm to 300mm, suitably 0.5mm to 150mm If fibres 
other than carbon fibres or other electrically conducting 
fibres are used it is necessary that the catalyst compo- 
s nent comprises carbon and optionally one or more other 
catalyst components such as a metal or a metal sup- 
ported on carbon in order that the final electrode struc- 
ture is electrically conducting. 

[0013] By the term catalyst is meant a material that 
10 promotes or enhances the rate of the reaction of interest 
but remains unaltered by the reaction. The catalyst com- 
ponent or components selected will depend on the ap- 
plication for which the gas diffusion electrode is being 
used. These may be, for example, a precious metal or 
15 a transition metal as the metal or metal oxide, either un- 
supported or supported in a dispersed form on a carbon 
support; a carbon or an organic complex, in the form of 
a high surface area finely divided powder or fibre, or a 
combination of these options. 

[0014] The polymeric substances act as a binder to 
hold the electrode layer together. Depending on the pol- 
ymeric substance used it may also act to provide essen- 
tial electrode structural properties, such as control of the 
hydrophobic/hydrophilic balance. Examples of such pol- 
ymers include polytetrafluoroethylene (PTFE), fluorinat- 
ed ethylene-propylene (FEP), polyethylene, polypropyl- 
ene, ethylene-propylene. The polymeric material can al- 
so act to provide the ionic conduction pathway in the 
electrode. Such proton conducting polymers are for ex- 
ample the perfluorosulphonic acid materials, produced 
by E.I. DuPont de Nemours, referred to as Nation®. 
[0015] A first embodiment of the present invention 
provides a gas diffusion electrode as hereinbefore de- 
scribed wherein the catalyst component is one or more 
metals or their oxides in the form of finely divided un- 
supported powders or as metals in a dispersed form on 
a carbon support. Suitably the one or more metals may 
be a precious metal (Pt, Pd, Ru, Rh, I r, Os, Au and Ag) 
or a transition metal selected from groups I VB, VB, VIB, 
VIIB, VIM, IB or MB of the Periodic Table in "Handbook 
of Chemistry and Physics", 64th Edition, CRC Press, or 
a combination or alloy thereof. Preferably, the one or 
more metals is a precious metal, particularly Pt, or an 
alloy thereof, 

[0016] A second embodiment of the invention pro- 
vides a gas diffusion electrode as hereinbefore de- 
scribed wherein the catalyst component is one or more 
carbon blacks. 

[0017] A major advantage of the present invention is 
that a free-standing, dimensionally stable and highly 
flexible gas diffusion electrode is obtained. The inci- 
dence of damage to the electrode on handling during 
manufacture is therefore minimised thus reducing the 
number of faulty or rejected electrodes, and conse- 
quently the cost is reduced. Furthermore, the intrinsic 
material cost is significantly reduced over carbon paper 
or woven cloths. In addition, the electrode of the inven- 
tion is more amenable to high volume continuous pro- 
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duction processes due to its high dimensional stability. 
[0018] A further advantage of the gas diffusion elec- 
trodes of the present invention is improved performance 
due to reduced mass transport losses. During operation 
of the PEM fuel cell, product water is produced at the 
cathode. This has to be efficiently removed from the 
electrode structure so that it does not build up in the 
structure and impede further oxygen diffusion (mass 
transport) to the reaction sites. With conventional elec- 
trodes this is not possible to fully achieve, and it be- 
comes difficult to operate the cell efficiently at higher 
current densities, which is a desirable goal to improve 
power density. The presence of fibres in the catalyst lay- 
ers can help to improve the efficiency of removal of the 
product water from the catalyst sites where it is pro- 
duced into the reactant gas stream where it is transport- 
ed out of the cell by the reactant gas flow. Accordingly, 
a further embodiment of the present invention provides 
a gas diffusion electrode suitable for use in electrochem- 
ical cells, said electrode comprising a current collector 
and a catalyst structure and characterised in that a con- 
tinuous network of fibres for two-way transport is distrib- 
uted in the catalyst containing layer. 
[001 9] Gas diffusion electrodes of the present inven- 
tion are suitable for low cost manufacture. The elec- 
trodes may be manufactured by one of two general 
methods. 

[0020] The electrodes may be manufactured by tak- 
ing a pre-formed non-woven fibre material and applying 
the catalyst layers comprising the catalyst and polymer- 
ic materials. This can be done by any number of coating 
processes such as printing, rolling, K-bar or doctor blade 
methods. 

[0021] A second method for the manufacture of the 
gas diffusion electrode of the present invention and 
which provides a further aspect of the present invention, 
comprises mixing the fibres with at least one catalyst 
component or a polymeric substance and thereafter 
forming the gas diffusion electrode by adapting a con- 
tinuous manufacturing process, for example paper- 
making, calendering or extrusion. For example, in a 
process based on paper-making technology, the fibres 
are dispersed in water with at least one catalyst compo- 
nent and a polymeric substance to form a dilute slurry 
and thereafter forming a continuous structure by the 
controlled deposition of said slurry onto a moving mesh 
bed, dewatering of the solids and drying/compaction of 
the fibre containing layer under a suitable time/pressure/ 
temperature regime. 

[0022] A major advantage of this method is that the 
gas diffusion electrode is easily manufactured in a fewer 
number of steps using continuous manufacturing tech- 
niques such as conventional paper making techniques 
thus making it more cost effective and commercially vi- 
able. Using conventional paper making techniques, the 
fibres are dispersed as a dilute slurry in water with the 
catalyst component and the polymeric substance which 
can then be deposited and formed into a non-woven mat 



with the catalyst component embedded within the mat. 
The mat may be produced in continuous lengths with 
the prospect of producing the gas diffusion electrode in 
very large volumes with the minimum processing and in 
5 a very cost effective manner. 

[0023] A further advantage is that it is possible to com- 
bine two or more layers (at least one of the layers being 
an electrode of the invention) to form a multi-layer gas 
diffusion electrode structure at the same rate as a single 
to layer could be produced. 

[0024] An additional advantage to be gained from this 
type of matrix structure, and the methods of fabrication, 
is that the incorporation of polymeric materials into the 
structure can be carefully controlled, unlike coatings ap- 
7 5 plied to conventional materials such as carbon fibre pa- 
per and cloth where the applied polymer will coat all 
available surfaces. Both the fibres and the catalyst com- 
ponent or components may be precoated with the ap- 
propriate polymer or polymers, at the required loading, 
20 allowing the structure to contain any number of types of 
polymer, each located within specific areas of the struc- 
ture. This gives the ability to tailor the hydrophobic/hy- 
drophilic nature of the matrix to give improved perform- 
ance characteristics. The incorporation of proton ex- 
25 change polymers into the structure is also easily facili- 
tated, as is the incorporation of thermoplastic polymer 
materials for hot forming the electrodes into specific 
shapes. 

[0025] The present invention also relates to a mem- 
30 brane electrode assembly and a method for the manu- 
facture thereof wherein one or both of the electrodes are 
the gas diffusion electrode of the present invention. A 
still further aspect of the present invention relates to a 
fuel cell and a method for the manufacture thereof com- 
35 prising at least one gas diffusion electrode of the present 
invention. 

[0026] The present invention is not limited to the use 
of the gas diffusion electrode in a fuel cell and any elec- 
trochemical device which comprises a gas diffusion 

40 electrode of the invention is within the scope. 

[0027] The structure of the present invention is not 
necessarily limited to gas diffusion electrodes but may 
also be useful in structures where a robust catalyst con- 
taining gas porous structure is required for such purpos- 

45 es as gas recombination in sealed batteries (to prevent 
pressure build up from the electrolysis of the electrolyte) 
and oxygen scavenging of enclosed systems that re- 
quire the removal of oxygen to very low levels using the 
reaction with hydrogen. 

50 [002B] The present invention will now be described by 
way of example only which is not intended to be limiting 
thereof. 

[0029] The materials of the invention can be em- 
ployed as either the anode or cathode, and indeed both 
55 anode and cathode in the electrochemical cells of the 
specific application. In the following examples, the elec- 
trodes are incorporated as the cathode in membrane 
electrode assemblies (ME As) and evaluated in a proton 
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exchange membrane fuel cell, with hydrogen as the an- 
ode fuel and air or pure oxygen as the cathode oxidant. 
It is at the cathode that the majority of cell performance 
(voltage) losses occur in cells operating with hydrogen 
as the fuel. The MEAs were fabricated by hot pressing 
the anode and cathode against each face of the solid 
proton conducting electrolyte membrane, as is com- 
monly practised in the art. 

[0030] The anodes were of the more conventional 
type, currently widely employed in the PEMFC. They 
comprised a conventional pre-teflonated rigid conduct- 
ing carbon fibre paper substrate (Toray TGP-H-090, 
available from Toray Industries Inc. Tokyo, Japan) to 
which was applied a layer of a 20 wt% platinum, 10 wt% 
ruthenium catalyst, supported on Cabot Vulcan XC72R 
(from Johnson Matthey Inc. New Jersey, USA), at an 
electrode platinum loading of 0.25 mg/cm 2 of electrode 
geometric area. The MEAs were evaluated in a PEMFC 
single cell, with a geometric electrochemicaliy active ar- 
ea of 50 cm 2 . The single cell consisted of graphite plates 
into which flowfields were machined to distribute reac- 
tant gases and humidification water, and remove prod- 
ucts. The MEA was located between the flowfield plates. 
The operation of the single cell was controlled from a 
purpose built test station facility (from GlobeTech, of 
Bryans, Texas, USA). The "performance" of the fuel cell 
was assessed by measuring the voltage and current 
density relationship using a standard operating proce- 
dure. Unless otherwise stated, these conditions were 
typically, a reactant gas inlet temperature of 80°C, a 
pressure of both anode and cathode reactant gases of 
3 atmospheres, and a reactant stoichiometry of 1.5 for 
hydrogen and 2.0 for air. 

EXAMPLE 1 

[0031] A first particulate catalyst component was pro- 
vided by dispersing 50 weight parts of a carbon black 
(Shawinigan black, from Chevron Chemicals, Houston, 
Texas, USA) in 1200 parts of demineralised water. To 
this was added 6 weight parts of polytetrafluoroethylene 
(PTFE) as a dispersion in water (ICI Fluon GP1 , 64 wt% 
solids suspension) and the mixture stirred to entrain the 
PTFE particles within the carbon catalyst material. The 
slurry was redispersed using a high shear mixer to pro- 
duce a smooth mixture. 

[0032] A second particulate catalyst material was pro- 
vided by dispersing 100 weight parts of a 40 wt % plat- 
inum catalyst, supported on carbon black (Johnson Mat- 
they FC-40) in 30 parts of a 9.5% dispersion of Nafion 
EW1100 (E I DuPont De Nemours & Co.) in water, pre- 
pared according to methods described in EPA 731 ,520. 
The particulate catalyst was dispersed using a high 
shear mixer to produce a smooth mixture. 
[0033] A p re-formed non-woven carbon fibre struc- 
ture was a 17g/m 2 (=0.07g/cm 3 ) density carbon fibre 
mat, supplied as Optimat 203 (from Technical Fibre 
Products, Kendal, Cumbria, UK). This was precoated 



with PTFE by soaking for 5 minutes in a solution of 120 
parts by weight of GP1 PTFE emulsion in 21 00 parts by 
weight of water then draining and allowing to dry. The 
coated carbon fibre mat was heated to 350°C in air to 

5 sinter the PTFE. 

[0034] The electrode of the invention was formed by 
pressing the first particulate catalyst material into the 
non-woven carbon fibre structure using a vacuum bed 
to remove the water and pull the particulate catalyst ma- 

to terial into the structure. A total fill of 11 .7g Shawinigan 
carbon per cm 2 carbon fibre paper geometric area was 
achieved. The resulting sheet was pressed at 260° C 
and 1501b per sq inch for 2 minutes to compact the 
structure. A layer of the second particulate catalyst ma- 

is terial was then applied to one face of the filled non-wo- 
ven structure to provide a platinum loading of 0.76 mg/ 
cm 2 geometric area within the remaining carbon fibre 
structure and pressed at 2001 b per square inch to com- 
pact the layer. 

20 [0035] The electrode formed the cathode of an MEA, 
with the face of the electrode comprising the platinum 
catalyst component bonded to the membrane electro- 
lyte face. The membrane employed was Du Pont Nafion 
112. The single cell results are shown in Figure 1 and 

25 demonstrate that good cell performances were obtained 
from the MEA comprising the lower cost, more manu- 
facturable electrode of the invention. For operation on 
pure oxygen very high current densities of over 2.0 A/ 
cm 2 were obtained. For most practical applications of 

30 the PEMFC, the oxidant will be air, and these applica- 
tions will require that at least a current density of 500 
mA/cm 2 is achieved. As illustrated in the Figure, current 
densities up to 1 .0 A/cm 2 were obtained, and the results 
represent performances typical of a satisfactorily per- 

3S forming MEA. It is worth noting that on air operation 
there was a tendency for the cell voltage to decrease 
more rapidly as the current density increased toward 1 .0 
A/cm 2 , compared to the pure oxygen data. This is an 
example of cell voltage decrease due to mass transport 

40 losses, relating to the ease with which reactant oxygen 
in air can diffuse to the electrode reaction sites. This is 
also a typical characteristic of cell current vs vottage 
plots seen with conventional MEAs, fabricated with elec- 
trodes comprising conducting substrates such as high 

45 density carbon fibre paper. 

EXAMPLE 2 

[0036] A first particulate catalyst material was pre- 
50 pared by dispersing 80 weight parts of Shawinigan car- 
bon black in 1200 parts of water. To this was added 20 
weight parts of polytetrafluoroethylene solids (PTFE) as 
a dispersion in water (ICI Fluon GP1 , 64 wt% solids sus- 
pension) and the mixture stirred to entrain the PTFE par- 
55 tides within the carbon catalyst material. The slurry was 
redispersed using a high shear mixer to produce a 
smooth mixture. 

[0037] Chopped carbon fibres (Type RK 10, from RK 
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Carbon Fibres Ltd, UK) at a fibre length of 37 mm were 
treated with GP1 polytetrafluoroethylene dispersion in 
water to give a 7 wt % coating on the fibres. Further 
RK10 fibres of length 12mm and Imm were similarly 
treated. 5 
[0038] The particulate catalyst mixture, comprising 
1 .25g of solid material (carbon and PTFE components), 
was dispersed, with mixing, in demineralised water (500 
cm 3 ) with 0.01 05g of the 37mm teflonated fibres, 0.089g 
of the 1 2mm teflonated fibres and 0.43g of the 1 mm te- 10 
flonated fibres, 0.04B5g of glass microfibre (Evanite 608 
from Evanite Fibre Corporation, Corvallis, Oregon, 
USA) and 0.036g of polyvinylalcohol powder (BDH 
Chemcials, Poole, Dorset, UK). An electrode of the in- 
vention was fabricated from the resulting mixture, in a ts 
single step process, based on the principles of paper- 
making technology, as a sheet of size 214 cm 2 in a 
standard SCA sheet former (AB Lorentzen & Wettre, 
Box 4, S-163 93 Stockholm, Sweden). The sheet was 
air dried at 1 00°C, and then fired in air at a temperature 20 
in excess of 350° C. 

[0039] A second layer of a second particulate catalyst 
material, was formed by applying an ink, comprising 40 
wt % platinum catalyst, supported on carbon black 
(Johnson Matthey FC-40) in a 9.5% dispersion of Nafion 25 
EW1100 (E I DuPont De Nemours & Co.) in water, pre- 
pared according to methods described in EPA 731 ,520, 
to an Optimat 203 carbon fibre mat of density 10 g/m 2 , 
and air dried at 100°C. The platinum loading was 0.78 
mg/cm 2 geometric area of carbon fibre mat. 30 
[0040] The second catalyst containing electrode layer 
was applied to one face of the first electrode layer and 
the layers were pressed at 200lb per square inch to com- 
pact the layers. The combined two electrode layers 
formed the cathode of an MEA, with the platinum cata- 3$ 
lyst containing face of the cathode being bonded to the 
membrane electrolyte face. The membrane electrolyte 
was Nafion 115. The single cell results are shown in Fig- 
ure 2. 

40 

EXAMPLE 3 

[0041] The preparation of the cathode as described 
in Example 2 was followed, with the exception that the 
glass microfibre content (Evanite 608), in the first par- *s 
ticuiate catalyst mixture was increased to 0.097 g. The 
MEA was fabricated as described in Example 2. The sin- 
gle cell results are shown in Figure 2. 

EXAMPLE 4 so 

[0042] The first particulate catalyst material was pre- 
pared as described for the first particulate material in 
Example 2. A second particulate catalyst material was 
prepared by dispersing 85 weight parts of carbon black ss 
(Vulcan XC72R, from Cabot Corp, Billerica, Mass, USA) 
in 1 200 parts of water. To this was added 1 5 weight parts 
of polytetrafluoroethylene solids (from GP1 solution) 



and the mixture stirred to entrain the PTFE particles 
within the carbon catalyst material. The slurry was re- 
dispersed using a high shear mixer to produce a smooth 
mixture. 

[0043] A mixture of 7.8g of the first particulate catalyst 
mixture (equivalent to 0.603g of solids) was dispersed 
with a mixture of 7.8g of the second particulate catalyst 
mixture (equivalent to 0.603g of solids) in water (500 
cm 3 ) with 0.01 05g of the 37mm teflonated fibres 0.089g 
of the 1 2mm teflonated fibres and 0.43g of the 1 mm te- 
flonated fibres, 0.097g of glass microfibre (Evanite 608) 
and 0.036g of polyvinylalcohol powder (BDH) using a 
blender mixer. An electrode of the invention was fabri- 
cated from the resulting mixture, in a single step proc- 
ess, based on the principles of paper-making technolo- 
gy, as a sheet of size 21 4 cm 2 in a standard SCA sheet 
former (AB Lorentzen & Wettre, Box 4, S-163 93 Stock- 
holm, Sweden). The sheet was air dried at 100°C, and 
then fired in air at a temperature in excess of 350°C. 
[0044] A further cathode electrode layer comprising a 
platinum catalyst material was prepared as described in 
Example 2. The complete cathode and MEA were fab- 
ricated as described in Example 2. The single cell re- 
sults for operation on air are shown in Figure 2. Exam- 
ples 2, 3 and 4, in which the electrodes of the invention 
were produced by an even lower cost and more manu- 
facturable single process step, by incorporating the cat- 
alyst components with the non-woven fibre materials, 
again produced ME As with very acceptable current vs 
voltage performance characteristics. Comparison of Ex- 
amples 2 and 3 illustrate that the high current density 
performance was markedly influenced by the composi- 
tion of the fibre mix employed to fabricate the electrode, 
with the Example 3 demonstrating improved high cur- 
rent density performance due to improved mass trans- 
port properties. This feature of the electrode is particu- 
larly important for applications of the PEMFC in power- 
ing vehicles, where cell operation at ever increasing cur- 
rent densities is a requirement to reduce the size, weight 
and cost of the fuel cell stack. 



Claims 

1 . A gas diffusion electrode comprising a flexible, free- 
standing catalyst layer containing a continuous, 
non-woven network of fibres and a polymeric sub- 
stance; and optionally, a second or more layer(s) 
applied to the flexible, free-standing catalyst layer. 

2. A gas diffusion electrode comprising a flexible, free- 
standing layer that comprises a mixture of 

(a) non-woven fibres; 

(b) one or more catalyst material(s); and 

(c) one or more polymeric substance(s); 

and, optionally, a second or more layer(s) applied 
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to the flexible, free-standing layer. 

3. A gas diffusion electrode as claimed in claim 1 or 2, 
wherein the density of the non-woven network of fi- 
bres is less than 0.3g/cm 3 . 

4. A gas diffusion electrode as claimed in any preced- 
ing claim, wherein the density of the non-woven net- 
work of fibres is less than 0.1 g/cm 3 . 

5. A gas diffusion electrode as claimed in any preced- 
ing claim, wherein the non-woven fibres have a di- 
ameter of 0.2jim to 50um. 

6/ A gas diffusion electrode as claimed in any preced- 
ing claim, wherein the non-woven fibres are from 
0.05mm to 300mm long. 

7. A gas diffusion electrode as claimed in any preced- 
ing claim, wherein the non-woven fibres are bound 
with one or more polymeric substance (s) forming a 
flexible matrix. 

8. A gas diffusion electrode as claimed in any preced- 
ing claim, wherein the one or more catalyst material 
(s) are combined with one or more polymeric sub- 
stance^). 

9. A gas diffusion electrode as claimed in any preced- 
ing claim, wherein the non-woven fibres are pre- 
coated with one or more polymeric substance(s). 

1 0. A gas diffusion electrode as claimed in any preced- 
ing claim, wherein the non-woven fibres are select- 
ed from the group consisting of carbon, glass, pol- 
ymer, metal and ceramic fibres. 

11. A gas diffusion electrode as claimed in any preced- 
ing claim, wherein the non-woven fibres are carbon. 

12. A gas diffusion electrode as claimed in any preced- 
ing claim, wherein the catalyst material(s) is one or 
more metals or their metal oxide, in the form of finely 
divided unsupported powders or as metals in a dis- 
persed form on a carbon support. 

13. A gas diffusion electrode as claimed in any preced- 
ing claim, wherein the catalyst material(s) is one or 
more precious metals or a transition metal or com- 
bination or alloy thereof. 

14. A gas diffusion electrode as claimed in any preced- 
ing claim, wherein the catalyst material(s) is or in- 
cludes carbon black. 

15. A gas diffusion electrode as claimed in any preced- 
ing claim, comprising a second catalyst layer ap- 
plied to the flexible free-standing catalyst layer. 



16. A gas diffusion electrode as claimed in any preced- 
ing claim, comprising a second catalyst layer ap- 
plied to the flexible, free-standing catalyst layer, 
which second layer comprises one or more metals 

s or their oxides in the form of an unsupported finely 
divided powder or one or more metals in dispersed 
form on a carbon support. 

17. A gas diffusion electrode as claimed in any preced- 
io ing claim, comprising a second catalyst layer ap- 
plied to the flexible, free-standing catalyst layer, 
which second layer comprises one or more precious 
metals or a transition metal or combination or alloy 
thereof. 

75 

18. A gas diffusion electrode as claimed in any preced- 
ing claim, comprising a second or more layer(s) ap- 
plied to the flexible, free-standing layer, wherein at 
least the second layer comprises a particulate metal 

20 supported on carbon black in a polymer dispersion. 

19. A method for the manufacture of the gas diffusion 
electrode according to any preceding claim com- 
prising mixing the fibres with at least one catalyst 

25 component or a polymeric substance and thereafter 
forming the gas diffusion electrode by adapting a 
continuous manufacturing process. 

20. A method according to claim 1 9 wherein the contin- 
30 uous manufacturing process is based on paper- 
making technology. 

21. A membrane electrode assembly wherein one or 
both of the gas diffusion electrode is an electrode 

35 according to any one of claims 1 to 18. 

22. A fuel cell which comprises a gas diffusion electrode 
according to any one of claim 1 to 18. 



1. Gasdiffusionselektrode mit einer biegsamen, frei- 
stehenden Katalysatorschicht, die ein kontinuierli- 

4 5 ches, nichtgewebtes Netzwerk von Fasern und eine 
Polymersubstanz enthalt; und gegebenenfalls ei- 
ner zweiten Oder mehr Schichten, die auf die bieg- 
same freistehende Katalysatorschicht appliziert 
sind. 

so 

2. Gasdiffusionselektrode mit einer flexiblen freiste- 
henden Schicht, die ein Gemisch aus (a) nichtge- 
webten Fasern; (b) einem Oder mehreren Katalysa- 
tormaterialien und (c) einem oder mehreren poly- 

55 meren Substanzen umfaB; und gegebenenfalls ei- 
ner zweiten oder mehr Schichten, die auf die flexi- 
ble freistehende Schicht appliziert sind. 
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3. Gasdiffusionselektrode nach Anspruch 1 oder 2, 
wobei die Dichte des nichtgewebten Netzwerks der 
Fasern kleiner als 0,3 g/cm 3 ist. 

4. Gasdiffusionselektrode nach einem der vorherge- 
henden Anspruche, wobei die Dichte des nichtge- 
webten Netzwerks der Fasern kleiner als 0,1 g/cm 3 
ist. 

5. Gasdiffusionselektrode nach einem der vorherge- 
henden Anspruche, wobei die nichtgewebten Fa- 
sern einen Durchmesser von 0,2 u.m bis 50 urn auf- 
weisen. 

6. Gasdiffusionselektrode nach einem der vorherge- 
henden Anspruche, wobie die nichtgewebten Fa- 
sern 0,05 mm bis 300 mm lang sind. 

7. Gasdiffusionselektrode nach einem der vorherge- 
henden Anspruche, wobei die nichtgewebten Fa- 
sern an eine odermehrere Polymersubstanzen un- 
ter Bildung einer flexiblen Matrix gebunden sind. 



8. 



henden Anspruche, wobei das (die) Katalysatorma- 
terial(ien) aus RuG besteht (bestehen) oder RuG 
umfaGt (umfassen). 

5 15. Gasdiffusionselektrode nach einen der vorherge- 
henden Anspruche, die eine zweite Katalysator- 
schicht umfaGt, die auf die flexible freistehende Ka- 
talysatorschicht appliziert ist. 

10 16. Gasdiffusionselektrode nach einem de*r vorherge- 
henden Anspruche, die eine zweite Katalysator- 
schicht umfaGt, die auf die flexible, freistehende Ka- 
talysatorschicht appliziert ist, wobei die zweite 
Schicht ein oder mehrere Metalle oder ein Oxid 
hiervon in Form eines nicht auf einen Trager aufge- 
tragenen feinteiligen Pulvers oder eines oder meh- 
rere Metalle in dispergierter Form auf einem Koh- 
lenstofftrager umfaGt. 
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Gasdiffusionselektrode nach einem der vorherge- 
henden Anspruche, wobei das eine oder die meh- 
reren katalysatormaterial(ien) mit einer oder mehr 
Polymersubstanzen kombiniert ist bzw. sind. 

Gasdiffusionselektrode nach einem der vorherge- 
henden Anspruche, wobei die nichtgewebten Fa- 
sern mit einer oder mehr Polymersubstanzen vor- 
beschichtet sind. 



10. Gasdiffusionselektrode nach einem der vorherge- 
henden Anspruche, wobei die nichtgewebten Fa- 
sern aus der Gruppe Kohlefasern, Glasfasern, Po- 
lymerfasern, Metallfasern und keramische Fasern 
ausgewahlt sind. 

11. Gasdiffusionselektrode nach einem der vorherge- 
henden Anspruche, wobei die nichtgewebten Fa- 
sern Kohlefasern sind. 

12. Gasdiffusionselektrode nach einem der vorherge- 
henden Anspruche, wobei das (die) Katalysatorma- 
terial(ien) aus einem oder mehreren Metallen oder 
einem Metalloxid hiervon in Form eines feinteiligen, 
nicht auf einem Trager befindlichen Pulvers oder in 
Form eines Metalls in dispergierter Form auf einem 
Kohletrager besteht (bestehen). 

13. Gasdiffusionselektrode nach einem der vorherge- 
henden Anspruche, wobei das (die) Katalysatorma- 
terial(ien) aus einem oder mehreren Edelmetallen 
oder einem Ubergangsmetall oder einer Kombina- 5s 
tion oder Legierung hiervon besteht (bestehen). 

14. Gasdiffusionselektrode nach einem der vorherge- 
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17. Gasdiffusionselektrode nach einem der vorherge- 
henden Anspruche, die eine zweite Katalysator- 
schicht umfaGt, die auf die flexible freistehende Ka- 
talysatorschicht appliziert ist, wobei die zweite 
Schicht ein oder mehrere Edelmetalle oder ein 
Ubergangsmetall Oder eine Kombination oder Le- 
gierung hiervon umfaGt. 

18. Gasdiffusionselektrode nach einem der vorherge- 
henden Anspruche, die eine zweite oder mehr 
Schichten umfaGt, die auf die flexible freistehende 
Schicht appliziert sind, wobei mindestens die zwei- 
te Schicht ein auf RuG als Trager auf getragenes teil- 
chenformiges Metall in einer Polymerdispersion 
umfaGt. 

19. Verfahren zur Herstellung einer Gasdiffusionselek- 
trode nach einem der vorhergehenden Anspruce 
durch Vermischen der Fasern mit mindestens einer 
Katalysatorkomponente oder einer Polymersub- 
stanz und anschlieGendes Ausbilden der Gasdiffu- 
sionselektrode durch angepaGtes Durchfuhren ei- 
nes kontinuierlichen Herstellungsverfahrens. 

20. Verfahren nach Anspruch 1 9, wobei das kontinuier- 
liche Herstellungsverfahren auf einer Papierher- 
stellungstechnologie basiert. 



21. Membranelektrodenanordnung wobei eine oder 
beide der Gasdiffusionelektroden aus einer Elektro- 

50 de gemaG einem der Anspruche 1 bis 18 besteht 
(bestehen). 

22. Brennstoffzelle mit einer Gasdiffusionselektrode 
nach einem der Anspruche 1 bis 18. 
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Revendications 

1 . Electrode a diffusion gazeuse comprenant une cou- 
che flexible autonome de catalyseur contenant un 
reseau continu non tisse de fibres et une substance 5 
polymerique ; et a titre facultatif, une ou plusieurs 
autres couches appliquees a la couche autonome 
flexible de catalyseur. 

2. Electrode a diffusion gazeuse comprenant une cou- 10 
che autonome flexible qui comprend un melange : 



3. Electrode a diffusion gazeuse suivant la revendica- 
tion 1 ou 2, dans laquelle la masse volumique du 
reseau non tisse de fibres est inf erieure a 0, 3 g/cm 3 . . 

25 

4. Electrode a diffusion gazeuse suivant Tune quel- 
conque des revendications precedentes, dans la- 
quelle la masse volumique du reseau non tisse de 
fibres est inferieure a 0,1 g/cm 3 . 

30 

5. Electrode a diffusion gazeuse suivant Tune quel- 
conque des revendications precedentes, dans la- 
quelle les fibres non tissees ont un diametre de 0,2 
jam a 50 jim. 

35 

6. Electrode a diffusion gazeuse suivant Tune quel- 
conque des revendications precedentes, dans la- 
quelle les fibres non tissees ont une longueur de 
0,05 mm a 300 mm. 

40 

7. Electrode a diffusion gazeuse suivant Tune quel- 
conque des revendications precedentes, dans la- 
quelle les fibres non tissees sont liees a une ou plu- 
sieurs substances polymeriques en formant une 
matrice flexible. 45 

8. Electrode a diffusion gazeuse suivant Tune quel- 
conque des revendications precedentes, dans la- 
quelle la matiere ou les matieres servant de cataly- 
seur sont associees a une ou plusieurs substances so 
polymeriques. 

9. Electrode a diffusion gazeuse suivant Tune quel- 
conque des revendications precedentes, dans la- 
quelle les fibres non tissees sont prealablement re- 55 
vetues d'une ou plusieurs substances polymeri- 
ques. 



10. Electrode a diffusion gazeuse suivant Tune quel- 
conque des revendications precedentes, dans la- 
quelle les fibres non tissees sont choisies dans le 
groupe consistant en fibres de carbone, de verre, 
de polymere, de metal et de ceramique. 

11. Electrode a diffusion gazeuse suivant Tune quel- 
conque des revendications precedentes, dans la- 
quelle les fibres non tissees sont en carbone. 

12. Electrode a diffusion gazeuse suivant Tune quel- 
conque des revendications precedentes, dans la- 
quelle le ou les catalyseurs consistent en un ou plu- 
sieurs metaux ou leurs oxydes metalliques, sous 
forme de poudres finement divisees sans support, 
ou a I'etat de metaux sous une forme dispersee sur 
un support de carbone. 

13. Electrode a diffusion gazeuse suivant Tune quel- 
conque des revendications precedentes, dans la- 
quelle le ou les catalyseurs consistent en un ou plu- 
sieurs metaux precieux ou en un metal de transition 
ou une association ou un alliage de ces metaux. 

14. Electrode a diffusion gazeuse suivant Tune quel- 
conque des revendications precedentes, dans la- 
quelle le ou les catalyseurs contiennent du noir de 
carbone. 

15. Electrode a diffusion gazeuse suivant Tune quel- 
conque des revendications precedentes, compre- 
nant une seconde couche de catalyseur appliquee 
a la couche autonome flexible de catalyseur. 

16. Electrode a diffusion gazeuse suivant Tune quel- 
conque des revendications precedentes, compre- 
nant une seconde couche de catalyseur appliquee 
a la couche autonome flexible de catalyseur, cette 
seconde couche comprenant un ou plusieurs me- 
taux ou leurs oxydes sous la forme d'une poudre 
finement divisee sans support, ou bien un ou plu- 
sieurs metaux sous une forme dispersee sur un 
support de carbone. 

17. Electrode a diffusion gazeuse suivant Tune quel- 
conque des revendications precedentes, compre- 
nant une seconde couche de catalyseur appliquee 
a la couche autonome flexible de catalyseur, cette 
seconde couche comprenant un ou plusieurs me- 
taux precieux ou un metal de transition ou une as- 
sociation ou un alliage de ces metaux. 

18. Electrode a diffusion gazeuse suivant Tune quel- 
conque des revendications precedentes, compre- 
nant une ou plusieurs autres couches appliquees a 
la couche autonome flexible, la seconde couche au 
moins comprenant un metal en particules supporte 
sur du noir de carbone dans une dispersion de po- 



(a) de fibres non tissees ; 

(b) d'une ou plusieurs matieres servant de 
catalyseur ; et is 

(c) d'une ou plusieurs substances 
polymeriques ; 

et a titre facultatif, une ou plusieurs autres couches 
appliquees a la couche autonome flexible. 20 
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lymere. 

1 9. Precede de fabrication de Pelectrode a diffusion ga- 
zeuse suivant I'une quelconque des revendications 
precedentes, comprenant les operations de melan- 5 
ge des fibres avec au moins un composant cataly- 
seur ou une substance polymerique puis de forma- 

ge de Pelectrode a diffusion gazeuse par adaptation 
d'un procede continu de fabrication. 

10 

20. Procede suivant la revendication 19, dans lequel le 
procede continu de fabrication est base sur la tech- 
nologie de fabrication du papier. 

21. Ensemble d'electrodes a membrane dans lequel is 
I'une des electrodes a diffusion gazeuse ou les deux 
consistent en une electrode suivant Tune quelcon- 
que des revendications 1 a 18. 

22. Cellule a combustible qui comprend une electrode 20 
a diffusion gazeuse suivant I'une quelconque des 
revendications 1 a 18. 
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